Résumé. 2014 Instead, we search for a scenario in which both the ferroelectric and the frustrated interactions between impurity dipoles are enhanced by the critical correlation of lattice dipolar displacements.
Dielectric and elastic-response investigations of polar motion in potassium-sodium tantalate M. Maglione (1,*), J. Joffrin (2) , U. T. Höchli (1) and J. Pelous (3) (1) Institut [1] and of scientific [2] and technical interest [3] . Few of them have been thoroughly investigated, and the ones that have been show quite complex behaviour [4, 5] . Of the 16 simple perovskite oxides, the majority have a polar instability [1] . In particular KTa03, the host lattice of the crystals reported here, has a dielectric susceptibility which reaches 5 x 103 at 4 K. Associated to large susceptibilities is an enhanced correlation of polar motion [6] . Accordingly, in KTa03, impurities interact at larger distances [7] than in inert lattices like NaCl. The interaction between impurities in polarizable lattices has been the subject of a perturbation calculation [7] and computer simulation [8] . Both [14] . The ensuing uncertainty regarding the nature of the transition leaving local properties unaffected prompted a re-investigation of collective phenomena [15] in KNT and associated compounds [16] . The main result was the discovery of two relaxation contributions. A high-frequency relaxation peak showed monodispersive character, independent of Na and Nb addition [16] [17] . We point out that critical linear and nonlinear susceptibilities are related in the x-T phase diagram. This relation calls for a common origin for the two phenomena which we shall propose at the end.
Experimental results.
A previous investigation on the nonlinear dielectric susceptibility in Kl-xNaxTa03 concentrated on the sample with x = 0.2 [15] . While (2) in a standard way [18] . The result for ENL is plotted in figure 1 as a function of temperature for five different samples. The analysis in terms of the scaling function [18] a (T ) = £NL(T)/TEim yields the dashed curves also shown in the figure. According to this analysis, which is identical to that of [15] and [18] , a divergence of a (T ) of the form Here soo is the elastic compliance sll above the dispersion regime, I and p are the length (5.9 mm) and the mass density (7000 kg/m3 ) of the sample.
Equations (3) and (4) hold for a long thin sample vibrating in length extension, 1 being parallel to the x-axis of the crystal. We plot the real part of the critical elastic compliance vs. T for x = 0.2 in figure 4 . It shows the same smeared-out step function as found previously [11] and an x-dependent step for all other samples with x &#x3E; 0.12. Evaluation of the resonance data in terms of a Debye-type monodispersion yields where T is the relaxation time of the strain. We have plotted the relaxation time of the local quadrupoles [21] , tq 1= 6 T -l, vs. temperature in figure 5 . We find 10's-',-r-'.--2x 108 s-1. On lowering T, The only random variables in KNT are the dipolar interactions between random-site off-center [25, 26] Na ions at K sites. It is natural to identify them as Jij of the SK model (Eq. (1)).
We start by estimating the polar displacements and their correlations of Ta and Na dipolar orientations in KNT. From the remanent polarization [13] , P = 12 mc/m2, it follows that PTa '" 7.7 x 10-31 Cm, which corresponds to a displacement 8Ta '" 0.01 A. This compares to 8Na '" 0.04 A as obtained from magnetic-resonance data [26] on the nuclear spin of 23Na in KNT. In view of the dilution and the lesser charge, the contribution of Na ions to P can be neglected, and it follows that the direct interaction between random-site Na dipoles must be much weaker than the Ta-Ta interaction. Yet, the Na dipoles appear to determine the disordered character of KNT below Tc. The correlation length 6 of the fluctuating dipoles may be estimated from the static susceptibility. If According to random-interaction models, the nonlinear susceptibility ENL should diverge more strongly than El n [18] .
The function a(T) = NL/ T--lin 4 -(T -Tg) yNL, which is a measure for the divergence of the spin-glass susceptibility [17] , is plotted in figure 4 . We find yNL = 1. [27] that the polarization decayed as P -t-a, and accordingly the imaginary part of the dielectric susceptibility behaved as E2 = Aw v, with A nonzero below Tg and v -1/2 -(T -Tg)lw Tg.
As for the sample with x = 0.2 [15] , this behaviour was tested for x = 0.16 (see Fig. 2 ). Again, it appears that v is overestimated, a fact attributed to the use of mean-field theory [28] . The The critical elastic compliance originates from the coupling of the strain to the polarization. In nonpiezoelectric perovskite structure, this coupling [29] is of the form S x P 2, S being the strain. Accordingly, the elastic compliance gives a measure of the correlation of four polar units. Are these units the ordered Ta dipoles or the disordered Na dipoles ? Coupling between ordered dipoles leads to the relation s -E2lin when treated in mean-field theory [29] . We have plotted E2 vs. T in figure 4 , adjusting the scale at 25 K. The fit to s -E2 is not convincing.
We also note that in distinction to ordered SrTi03 [30] , at fit of s(T) to T -Tc I -" on both sides of Tc is not possible. Thus, there are no critical fluctuations of the local quadrupole moments near Tc. Correlation between four disordered dipoles is described by the scaling function a ( T). This function (Fig. 4) (Fig. 5) . In addition, we determine the relaxation time of the strain T;-1, and by considering the channels through which relaxation can occur [20] [8] . On the other hand, coupling between dipolar orientation and polar lattice modes adds an effective ferroelectric component [7] 
